Abstract-Robotic system applications have advanced dramatically over the past few years. This ,paper presents the IDAP Robot, which is designed and fabricated by taking the first Malaysia Robot Games Festival or Robofart 2002. Development of the IDAP Robot based on the contest regulation to place out the beach balls into the cyiinder bbes. This paper focuses ~ on strategies motion of the IDAP robot. The strategies that involve are; it can carry out eighteen beach balls in one time and it is.able to place all the cylinder tubes in one track within 3 minutes.
INTRODUCTION
Nowadays, mobile robots begin to achieve the 'dreams of researchers. Mobile robots make our life easier and safer in many ways such as sea exploration, planet discovery, dangerous military and police missions, and new type of entertainment. In Malaysia, many industrial companies are not interested to participate in the research and development o f robots. Back of financial support and invofvement of researchers and students make it worse.
The proposed project is designed and fabricated by taking part i n the first Malaysia Robot Games Festival or Robofest 2002. Each team can construct either or bath machine, the manual machines and automatic machines in the contest.
In the Robofest 2002 league, the manual robots (machines) and autonomous robots must not exceed 1200mm length, 1200mm width, and 3000mm height excluding the cable. The total weight o f all machines must be Less than 40 kg. The challenge in this project is to develop the robotic hardware strategies plan of the robot motion.
In this league, the player can operate the manual robots either via cabIe using a control box connected to the manual robots or by remote control using infrared rays, visible rays, and sound waves. Once the game starts, the autonomous robots could not have further human interaction and all decisions have to be taken autonomously by the robots. The loads for the robots are the beach balls. The numbers of the mounted beach balls are not restricted.
The game field consists of running zone, Kinabalu zone, start zone A, start zone B and beach ball stocking place. The detail game plan is indicated in Figure 1 . The running zane is surrounded by a l0Omm wooden fence.
Then, both autonomous and manual robots are able to start the game from start zone A. Meanwhile, only autonomous robots are able to start from start zone E. The beach ball stocking place is located in a frame fixed onto the floor. This area is design to locate sixteen beach balls. The manual machines must not touch the Kinabalu Zone. At the Kinabalu Zone has three types of tubes that are "Sununit" tube, "Mountainside" tubes and "Foothill" tubes. However, the manual machines are allowed to touch 8 "Foothill" tubes. The distance between the tubes are shown in Figurel(measurement unit is mm).
The paper will begin with: 1) a description of the strategies plan of the robot motion for autonomous robot; 2) describes the development of the IDAP robot, which consists of the mechanical and electrical hardware; and 3) illustrates the selected experimental result of the IDAP robot system. 
111.

OYERVIEW OF THE DEVELOPMENT
The IDAP robot is designed based on the strategies plan. This section describes the development of the mobile robot, which involves mechanical hardware, electrical hardware and programming software. The design of robot motion is based on a cylindrical coordinate known as Y-Z-8 coordinate. In the contest, two strategies plan of motion are applied that are the I motion and the L motion as shown in Figure 2 . Therefore, the strategy should be selected before the match starts. The I motion is known as vertical motion while L motion requires horizontal and vertical motion. 
A. Hardware
The hardware development consists of platform module, storage moduIe and arm manipulator module. Figure 3 and 4 illustrate overview the 3D mode1 and side view of the IDAP robot respectively. 
I ) Piarfrm module:
The platform module consists of vehicle frame and plate B as shown in Fig 3. The vehicle frame and wheels are fabricated using polymer material. This metal is light but strong enough to carry considerably heavy load. The two wheels in front of vehicle frame are controlled by fix beam. The fix beam is fabricated using stainless steel bar and screwed on the surface of vehicle frame. The purpose of designing the fix beam is to obtain a straight movement.
The plate B is located inside the vehicle frame. It is fabricated using solid steel plate. Place a weight on the vehicle frame for stability control. The control panel, @or, gear motor and switching system are placed on the platform base. In this project, the motor driver is used for the Y-axis design while a wonn gear mechanism is utilized for the Z-axis design. For 0-axis design, a spur gear mechanism is used, The vehicle frame, the DC motor 1, an encoder 1, the motor driver and the fix beam are included in the Y-axis motion (straight motion).
Shan
The incremental rotary encoder is used to measure the distance.
b) Z-axis motion
The Z-axis motion starts by lifting the vehicle frame using a jack. This means that all the wheels are not touching the floor. It is located under the vehicle frame. The jack stand is coupled with the spur and worm gear mechanism. The jack mechanism is fabricated using stainless steel material. This metal has good strength, availability and corrosion resistance. The carbon steel is used to fabricate the gears. This type of steel is usually easier to anneal and machine. Typically worm gear is connected to a DC motor 3. Inside the gearbox has the spur and worm gears.
c) Saxis motiori
The &axis motion is a rotation process. The spur gear and worm gear mechanisms, jack stand, shaft, encoder and motor are required during the @axis movement. At start zone B, whether the vehicle needs to move left or right depends on the start zone B location. Then it should rotate 0 degree (90"or 270") to move through an automatic field. When the process of jacking up the vehicle frame compfetes, the 6-axis starts to rotate between the shaft and'the spur gear. The purpose of the 9-axis rotation is to rotate the whole proposed robot body. The teeth on a spur gear are parallel to the shaft. The. gears involved in this movement are fabricated using carbon steel material. The DC motor 2, gears, vehicle, shaft and encoder 2 arrangement of the 8 axis motion are shown in Here, the motor inertia is unknown. But it is observed that the motor inertia is always iess than the value of 10% the sum of the inertia of the load, the inertia of the gear1 and.the inertia of the gear2. e) Power distribution The power supply as a source of power, .is required €or all of the electrical and electronics components. The power supply is supplied from two unit batteries of 12V direct current power supplies. Series connection is applied for both units to obtain 24VDC. The output 24VDC is distributed to activate the PLC, solenoids, DC motors, push buttons, rocker switches, main power switch, encoders, motor driven relays and sensor. Figure 4 . Before screwing it, the holes of divider 2 must be place in series with the arms. Otherwise, the balls cannot be dropped into the tube. Divider 1 supported by the steel rod. The length of the rod is 33.5 cm. The end o f the steel rod is screwed on the dividers. Before the rod is screwed to divider 1, the holes of the divider 1 must be located at 60" from the holes of divider 2. The function of the divider is to prevent all the beach balls from dropping once the cylinders rotate.
The spur gear mechanism, the shaft, the DC motor 2 and the encoder are used during the operation, The cylinders and dividers are fabricated . using stainless steel material. 
IV. SELECTED EXPERIMENTAL RESULT OF THE IBA€' ROBOT SYSTEM
A. Y-axis Direction Accuracy Test
For the Y-axis motion, a DC motor is used to rotate the wheels. Meanwhile, the encoder is utilised to measure the distance. The movement of the robot is based on the distance that has been measured on the field. While the robot moves, the encoder starts to count the value of the distance. Then this value is set to the software command. The range measured for each repeated movement is depicted in Table 1 . The average of the range is calculated as folIows:
Sum of the range Number of repeated Range Average = 1.5 -k 1.5 + 2.0+ 2.0+ 1.5
Thus, placing he beach balk, into tubes needs an accuracy o f Iess than 1.7 cm, hence the user must readjust the fixed bar screw for every match.
B. Timing Accuracy Test for Y-axis
In a real game, if I motion is selected as the strategy movement, it will involve Y and &axis directions. The distance of Y-axis and rotation, of-&axis can be controlled by software control and encoders timing.
The duration of a game is 3 minutes or 180 seconds.
The robot should finish placing the beach balls into the iubes in less than 3 minutes. Then,.a test can be conducted to see how accurate this method is. The result is shown in Table 2 . VI.
